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Aluminum beverage bottles with a screw top of 28-mm and 38-mm in diameter have been launched 
on to the Japanese market recent years to meet new drinking custom trend of the consumers. However, 
some Japanese customers feel that the 28-mm opening is too small and also feel that the 38-mm 
opening is too large. Therefore, it is desired to develop a method to evaluate human feelings when 
drinking directly from the bottle opening and to identify the opening size that is best for consumers’ 
drinking ease. Hence, we proposed an evaluation function of drinking ease in order to identify the 
rigorous dimension of bottle opening. The evaluation function of drinking ease has been proposed in 
terms of the difference between the actual flow amount from the bottles and the appropriate flow 
amount. If the difference decrease, the consumers possibly feel comfortable. Three variables (the 
bottle opening size, the beverage amount in the bottles, and the height of subjects) have been 
considered and the evaluation function of drinking ease has been constructed using Radial Basis 
Function Network. Results from the optimization of the proposed function, the subjects may get the 
closest beverage amount to the appropriate amount and feel comfortable when they drink from the 
34.3-mm opening. It has been identified the dimension of the opening diameter that the subjects may 
feel comfortable using the proposed function. 
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（a）28-mm        （b）33-mm      （c）38-mm 







































































































Fig.2 Measurement of one mouthful beverage amount 
 
             
 (a) Mouth breadth         (b) Lip height       (c) Height 
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Fig.4 Relationships between one mouthful beverage amount and 































Fig.5 Distribution of height 
 
して重み関数を作成することが必要である． 
































































































   （3） 
 
ここで，Q(x1, x2, x4, x5)は流出量関数で，飲み口から流
出する飲料の総容量を表す．流出量関数の近似方法に
ついては後述する．また， ijk,4x と ijk,5x は最大傾斜角と
回転時間の平均値である．つまり，式（3）は基準とな
る流出量からの変動分を表している．したがって，式






































Fig.7 History plots of inclination angle 
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 とP は，最大傾斜角と回転時間の ( 4,4 xP ijkx ) ( )5,5 xijkx
分布が正規分布に従うと仮定して設定した重み関数で
あり，次式で与えられる． 
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2・5 流出量関数の近似  実験計画法(10)の直交表
を用いて変数の組み合わせを決定し，決定した変数の
組み合わせで三次元流動解析を行い，応答曲面近似に
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Table 1 Analysis points 
Analysis points x1 [mm] x2 [ml] x4 [deg] x5 [s] 
1 28.0 100 5.0 1.70
2 28.0 200 -10.0 3.35
3 28.0 300 -25.0 5.00
4 28.0 200 2.5 1.70
5 28.0 300 -12.5 3.35
6 28.0 100 17.5 5.00
7 28.0 300 0.0 1.70
8 28.0 100 30.0 3.35
9 28.0 200 15.0 5.00
10 33.0 200 -10.0 1.70
11 33.0 300 -25.0 3.35
12 33.0 100 5.0 5.00
13 33.0 300 -12.5 1.70
14 33.0 100 17.5 3.35
15 33.0 200 2.5 5.00
16 33.0 100 30.0 1.70
17 33.0 200 15.0 3.35
18 33.0 300 0.0 5.00
19 38.0 300 -25.0 1.70
20 38.0 100 5.0 3.35
21 38.0 200 -10.0 5.00
22 38.0 100 17.5 1.70
23 38.0 200 2.5 3.35
24 38.0 300 -12.5 5.00
25 38.0 200 15.0 1.70
26 38.0 300 0.0 3.35
27 38.0 100 30.0 5.00
 
3．飲みやすさ評価関数の最適化 
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得られた飲みやすさ評価関数を図9に示す．式（1）













































































Optimum xopt= 34. mm
 











































Fig.10 Evaluation function of drinking ease 










付   録 
Radial Basis Function Network 
 RBFNは三層型のニューラルネットワークであり，
基底関数の重ね合わせにより応答曲面を作成する．変
数ベクトルをx = {x1, x2, …,xn}Tとすると，RBFNの出
力は以下の式で与えられる． 
 












































22)( λx     （11） 
 






ベクトルw = {w1, w2, …,wm}Tを求めることであり，最
終的に次式で求めることができる． 
  ( ) yHHHw TT 1−+= Λ      （12） 
ここで，式（12）のH，Λ，yは次式で表される． 
  
( ) ( ) (
( ) ( ) ( )
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